Context. Near-IR polarimetric images of protoplanetary disks enable us to characterize substructures that might be due to the interaction with (forming) planets. The available census is strongly biased toward massive disks around old stars, however. Aims. The DARTTS program aims at alleviating this bias by imaging a large number of T Tauri stars with diverse properties. Methods. DARTTS-S employs VLT/SPHERE to image the polarized scattered light from disks. In parallel, DARTTS-A provides ALMA images of the same targets for a comparison of different dust components. In this work, we present new SPHERE images of 21 circumstellar disks, which is the largest sample released to date. We also recalculated some relevant stellar and disk properties following Gaia DR2. Results. The targets of this work are significantly younger than those published thus far with polarimetric near-IR (NIR) imaging. Scattered light is unambiguously resolved in 11 targets, and some polarized unresolved signal is detected in 3 additional sources. Some disk substructures are detected. However, the paucity of spirals and shadows from this sample reinforces the trend according to which these NIR features are associated with Herbig stars, either because they are older or more massive. Furthermore, disk rings that are apparent in ALMA observations of some targets do not appear to have corresponding detections with SPHERE. Inner cavities larger than ∼15 au are also absent from our images, even though they are expected from the spectral energy distribution. On the other hand, 3 objects show extended filaments at larger scale that are indicative of strong interaction with the surrounding medium. All but one of the undetected disks are best explained by their limited size ( 20 au), and the high occurrence of stellar companions in these sources suggests an important role in limiting the disk size. One undetected disk is massive and very large at millimeter wavelengths, implying that it is self-shadowed in the NIR. Conclusions. This work paves the way toward a more complete and less biased sample of scattered-light observations, which is required to interpret how disk features evolve throughout the disk lifetime.
Introduction
Planets form in protoplanetary disks, and as a result, leave an observable imprint on them. This basic notion has motivated the community to focus on high-resolution imaging of circumstellar disks. Resolving disk substructures that may form as a result of gravitational interaction with (forming) planets for nearby starforming regions requires a spatial resolution of about 0.1 . For the purpose of imaging disks, these resolutions are achieved by optical and near-IR (NIR) 8m telescopes and by the Atacama Large Millimeter Array (ALMA). In the visible and NIR, observations of protoplanetary disks require differential techniques Based on observations performed with VLT/SPHERE under program 098.C-0486(A).
to remove the dominating stellar flux. The most successful of these techniques employs a polarimeter to separate the stellar light from the (polarized) light that is scattered off the disk surface.
The NIR and ALMA images of planet-forming disks are complementary. In the NIR, observations are mostly sensitive to small dust grains, on the order of a micron in size, while ALMA can trace both larger grains, on the order of a millimeter, and polar molecules that provide rotational lines in the gaseous phase. Furthermore, the NIR only probes the disk surface because disks are optically thick at these wavelengths, while ALMA can access deeper layers depending on the exact observing frequency and disk opacity. A few hundred planet-forming disks have thus far been imaged in the NIR or in the (sub-)millimeter, although only Article number, page 1 of 14
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A&A proofs: manuscript no. aa approximately 100 of them are high-resolution images. Disks imaged at both wavelengths with high resolution show strong morphological differences as well as some striking analogies. Rings and annular gaps have been recurrently imaged with both techniques (e.g., Fedele et al. 2017; van Boekel et al. 2017) . This is also true for large inner cavities (e.g., Avenhaus et al. 2014; van der Plas et al. 2017 ) and spiral arms (e.g., Muto et al. 2012; Pérez et al. 2016) . However, the latter type of structure is typically only observed in the millimeter around T Tauri stars (TTSs) (Kurtovic et al. 2018) and in the NIR around Herbig AeBe and F stars (Benisty et al. 2015) . On the other hand, azimuthal asymmetries (e.g., Casassus et al. 2013 ) and shadows are peculiarities of ALMA and NIR images, respectively. In particular, shadows at the disk surface (e.g., Mayama et al. 2012; Marino et al. 2015; Stolker et al. 2016a ) are seen as radially extended dark lanes and are the result of the inner disk geometry.
ALMA surveys of star-forming regions (e.g., Ansdell et al. 2016; Pascucci et al. 2016; Barenfeld et al. 2016; Long et al. 2018; Cieza et al. 2019) have exploited the possibility of obtaining snapshot exposures (of a few minutes) and have thus provided a quasi-complete census of protoplanetary disks at 0.2 − 0.7 resolution. However, only a few campaigns such as the Disk Substructures at High Angular Resolution Project (DSHARP, Andrews et al. 2018) or individual studies have achieved very high angular resolutions (∼ 0.05 ). On the other hand, spatial resolutions are naturally high in the NIR, but snapshot exposures are not possible, and the time required to yield useful images is longer (tens of minutes to a few hours). This has led to mostly individual works focusing on one or a few specific sources (e.g., Hashimoto et al. 2011; Quanz et al. 2013; Benisty et al. 2015; Rapson et al. 2015; Bertrang et al. 2018) . As a result, the literature sample of disks imaged in the NIR is highly biased toward massive and large disks around bright stars .
The Disks Around TTSs (DARTTS) program first presented by Avenhaus et al. (2018) has the objective to alleviate these biases by observing a relatively large number of TTSs with both the Spectro-Polarimeter High-contrast Exoplanet REsearch (SPHERE, Beuzit et al. 2019 ) and ALMA. The two parallel projects are called DARTTS-S (P.I.:H. Avenhaus) and DARTTS-A (P.I.:S. Perez). The first paper of the program provided the first release of SPHERE images obtained for 8 millimeter-bright disks. In this work, we present the second release of the SPHERE dataset, including 21 new sources with diverse properties. To date, this sample represents the largest sample of NIR polarimetric images of protoplanetary disks ever released in a single work. Because the entire sample of disks available in the literature contains approximately 60 targets (see Garufi et al. 2018) , these new images correspond to roughly onethird of what has been published over the past decade. Therefore this study offers a significant boost to the demographical characterization of protoplanetary disks in scattered light.
The paper is organized as follows. In Sect. 2 we present the sample and the recalculation of all properties following Gaia DR2 (Gaia Collaboration et al. 2018) . In Sect. 3 we describe the observing setup and data reduction. The main results from the new SPHERE images are presented in Sect. 4 and discussed in Sect. 5. We summarize our conclusions in Sect. 6.
Sample and stellar properties
The sample studied in this work consists of 21 TTSs from four different star-forming regions (Chamaeleon, Lupus, Upper Scorpius, and Ophiuchus), spanning spectral types K0 to M4 (see Table 1). All these stars are known to host a circumstellar disk that has been imaged at (sub-)millimeter wavelengths (see Sect. 4.3) . Compared to the first DARTTS-S release, this sample covers a much larger interval of disk dust masses, spanning the fluxes between a few hundred mJy at 1.3 mm and a fraction of mJy at 0.88 mm (see Table 1 ).
Nine targets are wide stellar binary systems, as is clear from inspection of our SPHERE intensity images (see Sect. 4). To our knowledge, three of these stars (J1606-1928, J1606-1908, and J1610-1904) were not known to have a companion. For the other sources, the detected companions are present in the literature (Ratzka et al. 2005; Torres et al. 2006; Metchev & Hillenbrand 2009 ). One of these targets is a triple system (HT Lup, Ghez et al. 1997) . The projected physical separations of the companions span from 25 au to nearly 1000 au, although 70% of them are closer than 85 au. In addition to these nine wide systems, two of our sources are probable spectroscopic binaries (DoAr 21 and WW Cha, Loinard et al. 2008; Anthonioz et al. 2015) . Astrometric and photometric properties of all companions are described in Appendix A.
To ensure homogeneity and to include the newest distance estimate from Gaia DR2 (Gaia Collaboration et al. 2018), we recalculated all stellar properties consistently with the larger sample by Garufi et al. (2018) . We collected the complete spectral energy distribution (SED) of each source through Vizier and calculated the stellar luminosity through a PHOENIX model of the stellar photosphere (Hauschildt et al. 1999 ) with effective temperature T eff and extinction A V taken from the literature and using the dereddened V magnitude and the Gaia DR2 distance d as benchmarks to scale the model. Three sources, all in Upper Sco, have no available Gaia distance. Interestingly, these three have a stellar companion between 0.25 and 0.6 1 For these stars, we assumed d=140 pc, as this is the averaged distance of the other Upper Sco sources of our sample.
The construction of the SED allowed us to calculate the NIR and far-IR (FIR) excess of each source as in Garufi et al. (2017) . We also constrained the stellar age and mass through the PAR-SEC pre-main-sequence (PMS) tracks (Bressan et al. 2012) . The values obtained, shown in Table 1 , are in reasonable agreement with those obtained with other PMS tracks (Baraffe and MIST, Baraffe et al. 2015; Choi et al. 2016) . In case of close stellar systems, the luminosity of the primary star was extracted through the flux ratios calculated from our data (see Appendix A). Finally, the dust disk masses were estimated through the millimeter fluxes under standard assumptions, as in Garufi et al. (2018) . These estimates should be regarded with caution given our poor knowledge of dust opacity and disk temperature (see, e.g., Birnstiel et al. 2018 ) and the possibility that the inner disk regions are optically thick at millimeter wavelengths.
As is clear from Table 1 , the targets studied in this work cover a relatively large interval of stellar masses (between 0.4 M and 2.5 M ), although only five of them are super-solar mass stars. Another peculiarity of the sample is, in the current framework of stellar tracks, the young age. An average 2.3 +3.9 −1.4 Myr is found. This value should be compared with the 6.5 Myr of the complete sample of circumstellar disks published thus far in the Table 1 . Main properties of the sample. Columns are the reference number in this work, the target name, the star-forming region, the distance d, the spectral type, the projected separation of bright visual companions, the stellar luminosity L * , the mass M * , the age t, the polarized-to-star light contrast δ pol/star (see Appendix C), the millimeter flux F mm (at wavelengths given by the apex numbers), and the reference for T eff (numbers) and F mm (letters). Only bright companions (>1% in flux of the primary) are listed here (a complete census can be found in Appendix A). Stellar properties refer to the primary object (see Sect. 2). The full name of each target is shown in NIR (see Garufi et al. 2018) . These aspects are analyzed in detail in Sect. 5.1.
Observations and data reduction
All our observations were carried out with the SPHERE InfraRed Dual Imaging and Spectrograph (IRDIS, Dohlen et al. 2008) in dual polarization imaging mode (DPI, Langlois et al. 2014; de Boer et al. 2019; . This technique allows an efficient suppression of the stellar (only marginally polarized) light while keeping the scattered (highly polarized) light from the circumstellar disk relatively intact. The observations were conducted between 7-13 March 2017 in the H band. We employed a coronagraph with a diameter of 185 mas (Carbillet et al. 2011) to mask the central bright star while allowing for long exposure times (typically 96 s, with shorter times in a few cases). The total integration times varied from approximately 25 to 38 minutes (see Table C .1 for details). In addition to the main science frames, we obtained center and flux complementary frames at various stages of the observation. These are needed to accurately determine the stellar position behind the coronagraph and its flux, respectively. . The Stokes Q, U, and I images were obtained by computing the double differences from Q + and Q − , from U + and U − , and the double sum, respectively. IRDAP can differentiate the instrumental and stellar polarization. After computing the Q and U images, the pipeline uses the Mueller matrix model to subtract the instrumental polarization of each image and least squares to correct for the cross talk. The images thus created may still contain some stellar polarization that is constrained by measuring the flux in the Q and U images around regions that should be virtually devoid of polarized signal from the disk. The correction for the stellar polarization may or may not be implemented, depending on the scope of the analysis. Any unresolved material close to the star may generate a halo of polarized light in the images. This affects the outer regions, but also carries information on the inner regions. In this work, we make use of images that corrected (Sect. 4.1) and images that not corrected (Sect. 4.4) for the stellar polarization.
The azimuthal Stokes parameters Q φ and U φ (see de Boer et al. 2019) are the final product of our data reduction. The Q φ image traces the azimuthally polarized flux and is therefore expected to be very similar to the polarized intensity P ≡ Q 2 + U 2 in case of centrosymmetric single scattering from disks with low inclination (Canovas et al. 2015) . On the other hand, U φ traces the component 45
• inclined with respect to the azimuthal direction and to first order contains only noise. Each of our final images is also corrected for true north (Maire et al. 2016) , and the pixels are assumed to have a scale of 12.25 mas.
Results

Overview
All the polarized images of this work are shown in Fig. 1 . Of the 21 targeted objects, 11 show unambiguous evidence of scattered light from their Q φ image. Disk substructures are clearly visible in at least 6 objects (mainly the first two rows of Fig. 1 ). In 3 objects (WW Cha, J1615-1921, and DoAr 21), extended filaments from the surrounding medium are evident. The polarized light contrast measured with respect to the central star spans from 10 −2 to 7×10 −4 (see Table 1 and Appendix C). The detected disks also span a wide range in size, where the outermost radius reaches 300 au and the smallest disk extends to only 50 au. This wide range of disk sizes is apparent in Fig. 2 .
Close stellar companions (<2 from the central star) are evident in eight images. To our knowledge, three of these were not known before (see Sect. 2). With one notable exception (HT Lup), the presence of a companion implies a non-detection of scattered light around the primary. Interestingly, seven of the ten non-detections have a detected close companion.
Individual sources
DoAr 25 is by far the most spectacular detection from this sample (see Fig. 1 ). Its image resembles that of IM Lup from the first DARTTS paper , although the disk is evidently more inclined. Strong signal is detected from the disk front face out to 2.3 , corresponding to ∼320 au, while a dark lane with no detectable flux separates it from the rear disk face (see also Fig. 2 ). This lane has a maximum width of 0.2 along the disk minor axis. From simple geometrical considerations, the sum of this width and that of the rear side (0.35 ) yields the disk opening angle at the last scattering separation (2.3 ), from which a disk flaring of ∼0.24 can be constrained at ∼300 au. This value is very similar to what was obtained for IM Lup by Avenhaus et al. (2018) , reinforcing the analogy between these two objects. On the disk front face of DoAr 25, the near side (closer to the dark lane) is two orders of magnitude brighter than the far side. This discrepancy is most likely entirely due to the tendency of photons to be scattered by small angles (an effect yielding a forward-peaking scattering phase function, see, e.g., Stolker et al. 2016b) . Except for the disk silhouette, no particular disk substructures are evident from our images. In particular, no cavity or annular gap or ring is detected down to 13 au (see Sect. 4.3) .
V1094 Sco is the second most prominent disk of the sample, being detected out to 1.8 (∼270 au). Unlike DoAr 25, no disk silhouette is visible. The disk seems to be composed of two regions. An inner region (called core in Fig. 2 ) extending out to 0.45 (∼70 au) is very bright in scattered light. Just beyond it, the flux is abruptly diminished but then declines only shallowly outward (exterior emission). This outer region seems to show a localized dip along the minor axis. However, this effect may also be due to an imperfect removal of the stellar polarization (see Sect. 4.4).
WW Cha and J1615-1921 both show a complex morphology with a bright inner component around the star and asymmetric filaments extending along several directions out to the detector edge. The inner signal around WW Cha is maximized at angles of 50
• and 230
• , suggesting a relatively inclined disk with a position angle of 50
• and an apparent extension of roughly 0.7 (130 au). A bright spiral arm is visible to the east wrapping toward north (clockwise outward). A dark lane separates this inner component from the structures to the west. Unlike DoAr 25, this cannot be the disk silhouette because it extends much farther than the disk itself. Instead, it is more likely a shadow cast by the disk on these outer filaments (see Ginski et al. in prep.) . Interestingly, all the filaments visible from our image wrap in a clockwise direction (from inside out), in analogy with the disk spiral.
Our image of the triple system HT Lup only reveals polarized signal around the primary star. This consists of both a bright region symmetric around the north-south axis and an exterior emission (see also Fig. 2 ) to the east. This flux is clearly asymmetric, being only detected to the east in a crescent-like shape. The flux around the B component (close to the primary) and the C component (in the inset box of Fig. 1 ) perfectly resembles that seen in the intensity image and is therefore only an unremoved point spread function (PSF).
The disk of J1609-1908 appears as a smaller version of that of V1094 Sco, extending only out to 0.6 (85 au). SR4 also shows a rather bright component around the coronagraph and a fainter exterior emission visible out to 0.5 (∼70 au) toward the SW. The images of Sz45 and IK Lup suggest mildly inclined disks (i > 45
• ) with a position angle (P.A.) of 40
• and 115
• and an apparent extension of 0.4 (75 au) and 0.35 (55 au), respectively. In IK Lup, there seems to be a dark lane to the north and a bright half-moon shape that suggest a smaller version of the disk geometry seen in DoAr 25. Strong signal is detected around J1614-1906 to the western side only, but any interpretation of the disk geometry based on this signal is probably doubtful. Finally, DoAr 21 shows a most peculiar morphology. A circumstellar disk may be marginally detected just outside the coronagraph to the east and west. More importantly, a bright filament stands out to the SE and proceeds counterclockwise, mostly disappearing to the south and then reappearing to the west toward a bright knot to the north.
The remaining ten sources do not show any significant signal. Any marginal flux recorded in the Q φ images in the near surrounding of the coronagraph resembles that of the intensity image and cannot be interpreted as a robust detection. Nevertheless, flux from this very inner region may still be real emission from an unresolved source, as described in Sect. 4.4. As commented in Sect. 4.1, the incidence of close stellar companions in the subsample of non-detections is very high (70%). The apparent distance of these companions spans from 0.22 (30 au) to 1.94 (270 au), although the second most distant is only at 0.80 (110 au). These findings are discussed in Sect. 5.4. 
Comparison with ALMA images
All the targets of this work have been observed with moderate-to-high resolution ALMA (sub-)millimeter imaging. The Chamaeleon sources have been discussed by Pascucci et al. (2016) , the Lupus sources by Ansdell et al. (2018) , the Ophiuchus sources by Cieza et al. (2019) , and the Upper Sco sources by Barenfeld et al. (2017) . Three targets have also been observed within the DSHARP program (Andrews et al. 2018 ). All disks detected in scattered light are resolved in the (sub-)millimeter. Only two disks in the whole sample of this work are not detected (J1611-1757 and DoAr21), and six are unresolved or marginally resolved by ALMA (see below).
In Fig. 3 we show the direct comparison for the four disks with substructures from ALMA. The millimeter image of V1094 Sco is a well-known example of disks with rings and annular gaps (van Terwisga et al. 2018) . Interestingly, these radial variations are not obvious in the SPHERE image. The only strong analogy between the two images is the core emission. In the ALMA image, van Terwisga et al. (2018) revealed an optically thick, bright central core. This region has a perfect counterpart in our image, suggesting an abrupt vertical discontinuity at the location where the disk becomes optically thin in the millimeter.
Similarly to V1094 Sco, DoAr 25 shows disk rings and annular gaps (Andrews et al. 2018 ) that are not detected in the SPHERE images. Instead, we cannot rule out the presence of an NIR counterpart to the disk gap seen by ALMA around SR4 because this lies only marginally outside of the SPHERE coronagraph. The millimeter outer ring of this disk is spatially consistent with the bright core emission from SPHERE, while the exterior emission is not detected by ALMA. This suggests another connection between the vertical extension of the disk and the physical properties at the midplane.
The continuum emission around the primary star HT Lup A also corresponds to the bright inner region visible from SPHERE. The spiral structure detected from this region (Andrews et al. 2018; Kurtovic et al. 2018 ) is not visible in our image. From the comparison, it is nonetheless clear that such a detection would be very challenging from our data given the proximity to the coronagraph. Analogously, the continuum emission around the B star is clearly too small (∼3 mas) to be detected in our image because the flux from the star itself is relatively high. On the other hand, the 12 CO emission extends to radii that are comparable to our exterior emission. The gas emission appears symmetric around the minor axis, however, while the east side from SPHERE is significantly brighter.
The coarser resolution (0.5 × 0.7 ) of the ALMA image of WW Cha (Pascucci et al. 2016 ) discourages the direct comparison with the SPHERE image. It is nonetheless important to note that the extended filaments detected in scattered light do not have any millimeter counterpart. The spiral structure visible in the NIR was not visible from ALMA, although an asymmetry in the same direction seems to be present. Similarly to WW Cha, the millimeter continuum image of J1615-1921 only shows the inner emission from the disk (fitted with an outer radius of only 10 au, Barenfeld et al. 2017) . Nevertheless, Barenfeld and collaborators also showed the 12 CO map of this object and revealed that the emission is much more extended (430 au) and is contaminated by the surrounding molecular cloud. An asymmetric elongation toward the south is visible in their image, and this morphology resembles our observed filaments. Finally, no millimeter emission is detected around DoAr 21 (Cieza et al. 2019) , which as for WW Cha and J1615-1921 rules out the substantial presence of millimeter grains in the filaments seen in scattered light.
All the disk sizes constrained from ALMA continuum images (see the aforementioned references) can be compared with the apparent disk sizes revealed with SPHERE. These are constrained by the separation in our images where the signal drops below 3σ. The comparison is shown in Fig. 4 . Considering only detections, the disks in the NIR are on average ∼50% larger than Article number, page 6 of 14 Table 1. the star. More generally, the apparent trend between NIR and millimeter sizes suggests that some of our non-detections are likely explained by a very small disk. On the other hand, this does not apply to J1606-1928 (number 6) and HK Lup (number 8) because their non-detection is clearly inconsistent with the observed trend (see Sect. 5.4).
Central polarization
As we described in Sect. 3, the pipeline IRDAP allows us to separate the instrumental and stellar polarization and therefore to study the latter individually. All our targets show evidence of stellar polarization, and the degree of linear polarization spans from 0.2% to 3.1%, although the majority of targets (17/21) show less than 1.0%. This polarization is visible in the Q φ images before its subtraction (see Sect. 3), as shown in Fig. 5 . It is clear that most of our sources show a butterfly pattern, indicating a central unresolved polarization source. Any spatially unresolved polarized signal is smeared out when it is convolved with the PSF and thus generates a characteristic butterfly pattern at larger scale of the Q φ image. This polarization is particularly interesting in the scenario where it originates from an unresolved or marginally resolved inner disk (see . If this is confirmed, the measured angle of linear polarization is perpendicular to the disk major axis because photons are more highly polarized for a scattering angle close to 90
• (e.g., Murakawa 2010).
To test whether these patterns can be due to an unresolved inner disk, in Fig. 5 we compare the angle of the stellar polarization (rotated by 90
• ) with the position angle of the outer disk constrained from ALMA (see references in Sect. 4.3), when this is known with sufficient precision (< ±20
• ). For 8 of the 12 targets that can be analyzed, the misalignment between these two angles is smaller than 16
• . In turn, in 3 of these 8 targets (J1603- ig. 5. Central polarization in our sample. For each target, the Q φ image is corrected for the instrumental polarization but not corrected for the stellar polarization. The brown line with empty circles is perpendicular to the polarization direction, while the percentage in the top right corner indicates the degree of polarization. Where it is known, the position angle of the outer disk is indicated by the blue line with filled squares. The misalignment between the two orientations is expressed in the bottom right corner. Targets are sorted as in Table 1 with the three rows hosting numbers 1−7, 8−14, and 15−21.
2031, HK Lup, and VV Sco) we do not resolve the disk (see Fig. 1 ). Because the misalignment measured for these sources is as small as 7
• , 3
• , and 5
• , we can argue with good confidence that the source of measured polarization is the unresolved inner disk. For the other 5 of these 8 targets, this alignment rules out dramatic changes in the disk orientation (disk warps) between a few au and some hundred au. The other 4 of the 12 targets that can be analyzed show a stronger misalignment, from 31
• to 77
• . For 3 of them, the misalignment is most likely due to the interstellar material that polarizes the stellar beam as a result of the higher measured extinction A V of 3.0, 4.0, and 4.8 (whereas the 8 aligned cases have lower A V ). The remaining source, HT Lup, with a misalignment of 33
• , is probably explained by the presence of the companion that carries its own disk close to the coronagraph (Fig. 1) .
The results found for this relatively large sample therefore support the view for which in case of low interstellar extinction (A V 3), any measured stellar polarization indicates the presence of an unresolved (inner) disk and the angle of linear polarization is likely related to its geometry, although the disk is not resolved in the final Q φ image (see also Keppler et al. 2018) . As a consequence, we may realistically also claim the detection of scattered light from 6 of the 9 targets (those with low A V ) with no robust constraint on the disk geometry from ALMA. These are J1606-1908, J1606-1928, J1610-1904 , J1611-1757, J1614-2305, and SR9.
Discussion
We focus much of the discussion on the demography of disks in scattered light following the release of this new dataset. This is motivated by the large size of our sample, which increases the total number available in the literature by more than onethird. Further analyses on individual sources are still certainly worthwhile, but we defer this effort to future dedicated works.
This sample in context
To comment on the new findings of this work, we first need to place our sample into context. This is done in Fig. 6 by comparing the stellar and disk masses of our sources with those of all other sources with published observations in polarized light. As mentioned in Sect. 2, the targets of this work are in the current framework of PMS tracks on average significantly younger than the literature sample. This is particularly true for nine sources (with age ∼1 Myr) that populate a thus far uncovered age interval (see the filled symbols in the left panel of Fig. 6 ). The two deserts revealed in this diagram by Garufi et al. (2018) still remain unpopulated. Sub-solar mass stars older than 7−8 Myr are not observed in the NIR because of their low luminosity, which prevents them from being observed with current adaptive-optics systems (the only exception is in fact the near TW Hya). The paucity of young super-solar mass stars in the NIR sample is more controversial. Garufi et al. (2018) hypothesized that the prominent envelope that is often associated with these stars (e.g., T Tau or R CrA) could make these targets challenging in the NIR. We also note that some authors (e.g., Hillenbrand 1997) revealed the tendency for higher-mass stars to be older, suggesting an artifact of evolutionary tracks. We nonetheless defer further investigation of this aspect to future works. Another finding that can be read from the diagram in question is that disk detections and non-detections from this sample are equally distributed across stellar mass and time, although it is clear from the older sample from the literature that disks around old stars are always detected.
The other peculiarity of the targets of this work is their low dust disk mass. Keeping in mind the large uncertainties on these estimates (see Sect. 2), we found that nearly half of the sample is in the low tail of the mass distribution (< 10 M ⊕ ) provided by the literature sample (see the right panel of Fig. 6 ). The comparison of the literature sample with this dataset also clearly shows that the apparent shallow trend found by Garufi et al. (2018) is an observational bias due to our tendency to observe thus far the most massive disks with a slow mass dispersal (>10 Myr). Unfortunately, this new low-mass population of disks remains largely unresolved (see Sect. 5.4), and their older counterpart is still unobserved. With this data release, the number of TTSs imaged in the NIR is approximately three times larger than that of Herbig stars. Nonetheless, the characterization of Herbig disks has thus far been better because of their typically higher brightness in scattered light. By definition, TTS disks are on average younger than Herbig disks (see Fig. 6 ), and young disks are commonly fainter than old disks . The 11 new detections of TTS disks from this work therefore represent a significant boost in the effort of comparing disks at different evolutionary stages.
Substructures of TTS disks
The observations we presented support the trend that spiral arms and shadows are primarily associated with Herbig stars. We found no convincing evidence of actual shadows when we consider that the azimuthally localized dips seen around V1094 Sco and J1609-1908 are likely due to the scattering properties (being seen along the minor axis) or to an imperfect correction for stellar polarization (see Fig. 5 ). We did detect a spiral arm (around WW Cha), but it is morphologically associated with the largescale filaments (see Sect. 4.2), which suggests a different origin from those seen in older Herbig disks (e.g., Muto et al. 2012; Benisty et al. 2015) .
A ring-like structure is revealed in only one disk (around J1609-1908), while it is surprisingly undetected in disks with rings detected by ALMA (V1094 Sco, DoAr 25, and possibly SR4, see Sect. 4.3). This paucity cannot be fully explained by the general faintness of young disks in scattered light because these disks are bright, nor by the large inclination because disk substructures are seen in more inclined disks (e.g., RY Lup and MY Lup, Langlois et al. 2018; Avenhaus et al. 2018) . It is tempting to conclude that in young disks the formation of annular gaps in the micron-sized dust grains are less efficient because several older disks are known to host rings in the NIR, similarly to the millimeter (e.g., TW Hya, Andrews et al. 2016; van Boekel et al. 2017) . In this regard, it is intriguing that the only ring-like disk in our sample is the oldest detected disk (J1609-1908 with ∼3 Myr, to be compared with the median 1.5 Myr of the other detections).
None of our images show any large disk cavity, as recurrently seen in older disks (e.g., Mayama et al. 2012; Avenhaus et al. 2014) . This is in principle at odds with the low NIR excess measured from their SED (as described in Sect. 2), which is lower than 12% of the stellar flux for 75% of the sample in a framework where a full disk shows an NIR excess of 15−20% (Banzatti et al. 2018 ). This most likely indicates that the disk cavities are actually present, but that their size is systematically smaller than the coronagraph (∼15 au). For the three objects with high-resolution ALMA images (DoAr 25, SR4, and HT Lup), we can rule out cavities larger than ∼5 au (see Fig. 3 ).
An interesting morphology that could be considered frequent in our sample is the existence of two disk regions with different properties, that is, an inner disk region that is bright and compact (called core in Fig. 2) , and an outer and fainter disk region that is separated from the inner region by an abrupt brightness drop (exterior emission). This morphology is seen in at least four objects (V1094 Sco, J1609-1908, HT Lup, and SR4). In Sect. 4.3 we showed that in two cases (HT Lup and SR4), the core emission comes from the only region with millimeter continuum emission, while in another case (V1094 Sco), it matches the location where this emission is optically thick. This supports the view in which dramatic changes in the disk optical depth also affect the vertical extent of disks, which is traced by scattered-light observations. This effect may be stronger in young disks because their inner regions may be on average more optically thick.
Finally, filaments are detected around three of our targets, while this type of structure is certainly rare in more evolved stars. Whether the filaments seen in our images are related to the initial or final stages of the disk evolution may be different from source to source. WW Cha sits within a known network of clumpy filaments (Haikala et al. 2005 ) that resemble a fragmenting molecular cloud. Star formation in this cloud, Cha I, is assumed to have recently come to an end (see e.g., Alves de Oliveira et al. 2014 ). This source is also known to be associated with the highly collimated jet HH 915, large outflows, the bow shock structure HH 931, and a large reflection nebula (Bally et al. 2006) . J1615-1921 is similarly embedded in the natal cloud (see Sect. 3 and Barenfeld et al. 2017) , and our filaments reveal a complex connection with the small disk. On the other hand, the connection between the binary stars DoAr 21 (Loinard et al. 2008 ) and the observed filaments may be unrelated to the star formation. The peculiar structure that we observed in scattered light was also imaged by Jensen et al. (2009) in the mid-IR with the Gemini Thermal-Region Camera Spectrograph (T-ReCs). The authors proposed that DoAr 21 no longer possesses a disk and that the appreciable FIR excess (4.4% from our calculations) as well as the H 2 and PAH observed emission might be due to the strong Table 1. far-UV (FUV) and X-ray luminosity measured from the binary stars. This energetic flux could soon have photoevaporated the disk and created a small-scale photodissociation region while moving through the cloud. Recently, Curiel et al. (2019) claimed through radio interferometry the existence of two brown dwarfs that would have formed from the rapid fragmentation of the disk.
IR excess of TTS disks
Large discrepancies between TTS and Herbig disks are also evident when we consider the relation between FIR excess and disk brightness in scattered light. In Herbig disks, these two quantities are always correlated (Garufi et al. 2017 ) and naturally divide transition disks (with bright outer regions) and full disks (with faint outer regions). This correlation arises because the two types of emission originate from the disk surface at several au from the star. From Fig. 7 , we see, however, that the trend disappears for TTSs and in particular for the sources of this work. Five detected disks lie above the trend determined for Herbig disks. This behavior can likely be explained by the presence of a remnant envelope around these young sources that only contribute to the FIR budget. WW Cha (number 1) and J1615-1921 (number 16) , which are imaged with extended filaments in Fig. 1 , sit in this region of the diagram. Most of our non-detections lie in a parameter range that is typical of small disks (see Sect. 5.4) . In these disks, the two quantities may still correlate, but the polarized light is, unlike the FIR excess, not accessible because of the coronagraph.
Other outliers such as HK Lup (number 8, see Sect. 5.4), V1094 Sco (number 9), and DoAr 25 (number 20) are less intuitively explained. The case of DoAr 25 is particularly intriguing because other disks with similarly low FIR excess (3.5%) are not even detected, whereas our NIR map shows one of the most prominent disks ever imaged. Andrews et al. (2008) noted the very low IR excess of this source given the bright millimeter emission and proposed that the material therein is in an advanced state of evolution. Our image does not provide a qualitative confirmation to this idea given the efficient scattering of micronsized dust grains and the obviously flared structure of the disk. We currently do not have any explanation for this conundrum, but note that a morphologically similar disk (IM Lup, Avenhaus et al. 2018 ) has an analogously low FIR excess (7.5%).
Undetected disks
The main images of Fig. 1 show that the fraction of nondetections in our sample is ∼50%. This is clearly larger than that from published observations (∼10%) because the general tendency is to avoid publication of non-detections and because our strategy was to also observe low-mass disks. Figure 6 clearly shows that all but one of our non-detections have a low dust disk mass (< 10 M ⊕ ), and their small size ( 20 au in radius) probably explains why they were not detected in the Q φ image. This claim is also supported by the comparison with the known millimeter sizes, as shown in Fig. 4 .
As of today, the lowest mass disks ever resolved in polarized light are DZ Cha (Canovas et al. 2018 ) and AK Sco (Garufi et al. 2017) , which have a dust mass of < 3 M ⊕ and 4 M ⊕ , respectively. From this work, J1615-1921 also has a very low-mass disk (4 M ⊕ ), but our image mostly recovers light from the surrounding medium. In addition to resolved maps, polarized signal from a small disk can be recovered from unresolved regions, as described in Sect. 4.4. In this regard, the unresolved detections of J1603-2031 and VV Sco (with masses of 1 M ⊕ and 2 M ⊕ , respectively) are the first of their kind as no disk with a lower mass has ever been detected in scattered light. Clearly, the employment of this technique on available datasets from the literature may yield further unresolved detections.
As mentioned in Sect. 4.2, as many as seven undetected lowmass disks have a visual stellar companion within a few hundred au. Here we assume that these disks have an outer radius in small dust grains r d of about 15 au, as suggested by the unresolved nature of the detected scattered light (see Sect. 4.4) . This is expected based on the average disk sizes measured from ALMA surveys (less than ∼20 au in radius, see, e.g., Barenfeld et al. 2017; Cieza et al. 2019 ). From our sample, the ratios between r d and the apparent separation of the companion a c would span from 0.1 to 0.5 with a median value of r d /a c = 0.2. Furthermore, these values are only upper limits because the distance of the companion that we measure is only the projected separation. Therefore, most if not all targets are inconsistent with the r d /a c ratio that was analytically calculated in case of tidal truncation by a companion on a circular orbit (0.3, Artymowicz & Lubow 1994) . This prediction applies to the gaseous disk, but our observations are expected to indirectly trace the same component (see HT Lup in Fig. 3 ) because of the dynamical coupling between small dust grains and gas.
The inconsistency between the observed and predicted r d /a c ratio has previously been pointed out by some authors (see, e.g., Manara et al. 2019) , although their r d is typically constrained through millimeter continuum emission, which allows invoking an anomalously high gas-to-dust size ratio to reconcile observations and simulations. Instead, our upper limit on r d is related to the gaseous extent. It is still possible that some disks are moderately larger than 15 au and that the outer regions are not directly illuminated (see below the case of HK Lup). However, it is unlikely that this explanation holds for all disks given the high incidence of small cavities suggested by the SED (see Sect. 5.2). For statistical reasons, it is also very unlikely that each of the companions has an eccentricity that is high enough to allow a much closer passage at periastron (see Duchêne & Kraus 2013; Manara et al. 2019 ). All these arguments may therefore suggest that the tidal truncation is not (always) responsible for the systematic non-detections of disks in large binary systems and that a major role in limiting the disk size is played by the formation history of disks and not their evolution.
Everything said in this section, however, does not apply to one target, HK Lup (number 8). Figures 4, 6 , and 7 clearly show that this non-detection is inconsistent with a small disk given its size in the millimeter, dust mass, and FIR excess. Thus, this nondetection is more likely explained by a self-shadowing disk, that is, a disk where the puffed-up inner regions can cast a shadow cone outward and prevent the outer disk from being illuminated (Dullemond et al. 2001) . Disks partly showing this effect are known (e.g., HD163296, Garufi et al. 2014; Muro-Arena et al. 2018 ), but a shadowing as efficient as this has not been reported before. As commented in Sect. 4.4, the inner disk of HK Lup is indeed detected. This indicates that a significant fraction of the stellar light is scattered off by this inner disk component (of a few au in size), and that this may be the primary responsible factor for the shadow cast outward.
Summary and conclusions
This paper is the second release of data from the DARTTS program. The sample consists of 21 new NIR polarimetric images of protoplanetary disks, making it the largest sample ever released for this type of data. Scattered light is confidently detected around 14 of the 21 targeted TTSs. For 11 of these, the polarized flux is immediately recovered from their map, while for the remaining 3 we were only able to detect some unresolved signal, with polarization vectors oriented coherently with the known disk geometry. Other unresolved disks may be detected but require future confirmation from millimeter images. The main results of our demographical analysis are listed below.
-The 11 imaged disks have brightnesses spanning a factor 15 and apparent sizes spanning a factor 7 (from 50 au to 320 au). Sizes are on average 50% larger than those constrained by ALMA with continuum millimeter emission. -Bright visual companions are visible around eight targets.
With one notable exception (HT Lup), the presence of a companion implies a disk non-detection. These are best explained by the disk being smaller than 15 au. In most cases, this is significantly less than one-third of the separation of the companion, implying that the tidal truncation may not (always) be the cause of their small size. -The sample is young on average. The median age of all targets constrained from stellar tracks is ∼2 Myr, which is significantly younger than the age of all disks with published observations in scattered light (∼7 Myr). -The sample alleviates the bias for which only massive planetforming disks are imaged in scattered light. Half of our disks are the least massive disks ever observed. The dust mass of the disk around J1603-2031 (∼1 M ⊕ ) represents a new benchmark. -The paucity of shadows and spirals in the sample supports the trend for which these features are associated with older disks and/or with more massive stars. -Prominent ring-like structures detected with ALMA also remain elusive in some of our images (particularly in V1094 Sco and DoAr 25). This contrasts with what is seen in older disks and may intuitively mean that initially (<2−3 Myr), disk gaps are preferentially sculpted for large grains only. -Although the SEDs of many targets show a lower NIR excess, none of our images reveals a disk cavity. These could indicate a population of cavities smaller than 15 au or that small dust grains still linger in the cavities. -Four disks show a bright core emission that is discontinued from an outer tenuous region by an abrupt brightness drop.
ALMA images show that the large dust is either confined within this bright core (HT Lup and SR4) or that the millimeter emission within this region is optically thick (V1094 Sco). -Three objects (WW Cha, J1615-1921, and DoAr 21) show extended filaments, which is indicative of peculiar processes in the immediate surrounding, such as disk accretion or photoevaporation.
In addition to the demographical approach, some of the 29 DARTTS sources presented here and in Avenhaus et al. (2018) certainly deserve a dedicated analysis. Of the data release of this work, we mention DoAr 25 (showing a spectacular disk despite its modest IR excess), WW Cha (providing an exceptional laboratory for the study of the disk interaction with the medium), HT Lup (hosting the only disk with a stellar companion that is visually embedded), and HK Lup (having the most massive undetected disk because of very efficient self-shadowing). This work also increased the number of disks for which both NIR polarimetric and ALMA high-resolution (<0.1 ) images are available. With V1094 Sco, DoAr 25, SR4, and HT Lup, this number now amounts to a couple of dozens. This comparison is of fundamental importance to determine how dust differentiation induced by ongoing planet formation changes throughout disk evolution, and this will also be addressed by DARTTS-A (P.I.: S. Perez).
The immediate goal of the community studying NIR disk imaging should be to provide a more complete and less biased census of planet-forming disks, following the strategy of the ALMA community. The DARTTS-S program represents a first important step in this direction, having provided access to younger, fainter, and smaller disks. Furthermore, the improvement of data reduction pipelines (e.g., IRDAP, van Holstein et al. 2019 ) and of our view of less exceptional disks will help us define the best observing strategy in future campaigns, such as the SPHERE large program DESTINYS (P.I.: C. Ginski).
Table A.1. List of visual companions in our images. Columns are the primary star, the separation, the P.A., and the flux of the companion relative to the primary. The second item lies at the detector edge, and we were unable to calculate the flux. 
Appendix A: Stellar companions
Thirteen of our targets show at least one visual companion in our intensity images. In total, we found 28 companions. However, 18 of these are very faint (i.e., lower than 1% in flux with respect to the primary) and are not considered in this work because they are likely background objects. The other 10 objects are physical companions of 9 primary stars, as shown in Table 1 . The astrometry of all the visual companions in our images is listed in Table  A. 1. The flux of the companion relative to the primary is calculated from the non-coronagraphic flux frames, where the two fluxes are in direct relation. Faint sources are not visible in these frames, and we were only able to set the upper limit of 1% from the science frames where the flux of the primary star is indeed a lower limit because of the coronagraph. The relative flux of the bright close companions was used to calculate the stellar luminosity, as described in Sect. 2. In one case (IK Lup), the flux and precise astrometry of a bright companion at ∼6.3 could not be extracted because the star lies at the edge of our detector. However, this object is likely bound to IK Lup because Gaia detected it and provided a parallax comparable to that of the primary star (6.36 vs. 6.44). In addition to these sources, DoAr 21 is a possible spectroscopic binary (Loinard et al. 2008 ) that is obviously not resolved by our images. C.1. Summary of observations. Columns are the reference number in this work, the target name, the observation date, the individual integration time (DIT) multiplied by the number of integrations (NDIT) and the number of polarimetric cycles (NCYCLES), the total integration time, and DIMM seeing during the observations. The total integration time is obtained from DIT (s) × NDIT × NCYCLE × 4 because each polarimetric cycle is composed of four Stokes setups (Q+, Q−, U+, and U−). 
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